In this paper, a successful flight with an unmanned aerial vehicle (UAV) surrounded Typhoon Sinlaku on 15 Sept., 2008 and the preliminary analysis of all the collected data during the observation period has been presented. It is the first time to adopt surrounding method to observe typhoon in mainland of China. During the 3 h field campaign, the flight altitude is about 500 m to observe the essential meteorological elements in boundary layer of typhoon. The average temperature is 22.57˚C and ranged from 21.50˚C to 25.80˚C, while about the relative humidity, the maximum is 100%, the minimum is 80.60% and the average is 97.98%. As for the wind, the average wind speed is 19.68 m/s and the maximum is 30.03 m/s. The typhoon center is a warm structure, the closer to the center, the higher the temperature is and the lower the wind speed is. In conclusion, the mini-UAV has the capability to observe the boundary layer of typhoon.
Introduction
From 1997, National Hurricane Center had used jet engine to carry out sounding observation in the high troposphere and made use of GPS location system, which significantly improved the accuracy of horizontal wind field and timeliness and accuracy of typhoon forecasting [1] - [3] . The United States has utilized unmanned aerial vehicle with GPS sounder to research the hurricane which maybe influenced the United States and the Caribbean, and can lower the error to 10% -30% in the next 24 -72 h typhoon route forecast [4] , and the characteristics al-* Corresponding author. so suggested the intensity [5] and moving route [6] . In the early of 1990s, some scientists in Australian Bureau of Meteorology had put forward aerosonde, and wished to realize the tropical cyclone reconnaissance. In Nov. 1995, MCTEX experiment had been carried out in the Northern Australia by using aerosonde and several flying tests had also been conducted in Oregon and Western Australia [7] . Some research had also been done in Japan. Moteki et al. (2007) [8] had showed some results of reconnaissance in the tropical western Pacific region including wind, temperature, relative humidity and pressure. The results suggested that because of sounding data assimilated into the model, the improved wind error is 1 -3 m/s in the tropical Western Pacific region. A technical group called the Taiwan Aerosonde Team (TAT) has committed to research on typhoon reconnaissance [9] . In 2005, the TAT flew into the inner region of Typhoon Longwang and performed continuous measurements for about 10 h. This flight provides the environmental information in Longwang along a 3000 m constant height (~700 hPa) path and a vertical sounding inside the eye. The derived surface pressure in the eye wall is close to the estimates made by the local weather agencies [10] .
On the basis of studying the experience on typhoon observation in the international, Meteorological Observation Centre (MOC), China Meteorological Administration had carried out the first field campaign to observe Typhoon Kalmaegi by UAV in mainland of China on Jul. 18, 2008 [11] . This observation was successful that all data had been achieved during the observation and the UAV returned safely. Following that, MOC had adopted surrounding way to observe Typhoon Sinlaku (NO. 0813) and the essential meteorological elements had been obtained during the observation. The objective of this study is to obtain more observational data, thus to improve the accuracy of horizontal wind field and accuracy of typhoon forecasting and also do contribution to improve typhoon numerical forecasting model.
Observation Test

Unmanned Aerial Vehicle (UAV)
The instrument in this paper is meteorological unmanned aerial vehicle which was offered by Beijing Donghengyu Technology Development Center. The basic index of UAV is in Table 1 .
Flight Track
According to the typhoon forecast from National Meteorological Center (NMC), CMA, Sinlaku maybe land at Ruian city in Zhejiang province. Therefore, Ruian city had been selected as the take-off and landing site. On the basis of the satellite image at 14:00 PM on 15 Sept. 2008 issued by National Satellite Meteorological Centre (NSMC), CMA, the flight track had been designed to surround Sinlaku. It is the first to adopt this method in mainland of China. The UAV took off at 14:33 at Ruian city (120.69˚E, 27.76˚N) and the altitude is designed as 500 m. After 3 h flight, the communication disrupted and the end longitude and latitude is 123.20˚E and 26.11˚N, respectively. The flight track is show in Figure 1 . From Figure 1 one can see that the UAV followed the airflow and entered the typhoon internal to carry out observation. The nearest distance to the typhoon center is about 100 km.
Observation Data
The UAV equipped with meteorological sensors to observe temperature, pressure, relativity humidity and wind, and the observation data transmitted to the ground receiver through Beidou navigation system. One set of data transmitted every 10 seconds. 1065 sets should be received theoretically, but 847 had been accepted in actually and the data acquisition rate was about 80%.
Data Analysis
Altitude and Pressure
The flight altitude was designed as 500 m and the average value is 508.98 ± 19.47 m during the flight. From Figure 2 , it can been seen that when the UAV's altitude is about 500 m and the fluctuation is little, which suggests that the UAV can keep good state in the hard weather conditions such as typhoon. Read from the pressure curve, during the climbing process from ground to 500 m, the average value is 987.97 ± 12.3 hPa. When the flight altitude is 500 m, the average value is 941.74 ± 2.34 hPa. From Figure 2 , one can see that the pressure and the altitude have showed consistent anti-relation and the correlation coefficient is −0.99, which further suggested that the data observed by the mini-UAV is true and credible. Figure 3 shows the variability of temperature and relative humidity of Typhoon Sinlaku observed by UAV. In terms of temperature curve, during the climbing process from ground to 500 m, the average value is 22.38˚C, the maximum is 23.20˚C and the minimum is 21.50˚C. From this curve, when the flight altitude was relatively stable at 500 m, temperature had a peak value at 16:10 which is 22.90˚C and it was also the maximum during the 500 m process. According to the typhoon forecast information issued by NMC, it can be concluded that the UAV is in the closest distance from the typhoon center at 16:10 and the distance is about 100 km. After that, Sinlaku moved gradually to the northeast. Because of the warm center structure of Sinlaku, high temperature occurred where is close to the center. It was observed that the temperature had reached the maximum in the stable altitude at 16:10, which indicated the UAV was close to the Sinlaku typhoon center. During the whole observation period, the average is 22.57˚C and ranged from 21.50˚C to 25.80˚C.
Temperature and Relative Humidity
From the relatively humidity curve, one can see that during the climbing period the maximum value is 86.80%, the minimum is 80.60% and the average is 83.87%. At the beginning of climbing, there is no precipitation and the relative humidity is small. When the altitude is about 500 m, the maximum is 100%, the minimum is 82.80% and the average is 99.06%, which suggests that UAV is within the precipitation cloud system, however, the UAV can fly ordinarily in 3 hours, which suggests the waterproof performance of the mini-UAV is good. During the whole observation period, the maximum is 100%, the minimum is 80.60% and the average is 97.98%.
Wind Speed
During the climbing period, the maximum wind speed is 26.80 m/s and the average is 8.87 m/s. When the altitude is about 500 m, the maximum is 30.03 m/s, the minimum is 7.70 m/s and the average is 20.50 m/s. Just as it mentioned early, it is at 16:10 that the UAV is in the closest distance from the typhoon center, from Figure 4 it can be seen that at that time the wind speed has the lowest value during the 500 m period, which is 12.7 m/s.
From the variability of wind speed, the standard deviation is small, furthermore, the flight state of UAV is relatively stable, which suggests it is feasible to observe typhoon by using UAV. The average value during the whole observation period is 19.68 m/s.
Conclusions
In this study, it was the first time to use the UAV equipped with meteorological sensors to observe temperature, pressure, relativity humidity and wind of Typhoon Sinlaku in China mainland. The following conclusions are found: 1) During this field campaign, the average meteorological elements are that temperature is 22.57˚C, relative humidity is 97.98%, wind speed is 19.68 m/s and pressure is 945.02 hPa;
2) The typhoon center has a warm structure, the closer to the centre, the higher the temperature is;
3) The UAV has the capability to observe the boundary layer of typhoon and can obtain the observation data during the flight mission.
